Background: Twin studies using both clinical and population-based samples suggest that the frequent co-occurrence of attention deficit hyperactivity disorder (ADHD) and reading ability/disability (RD) is largely driven by shared genetic influences. While both disorders are associated with lower IQ, recent twin data suggest that the shared genetic variability between reading difficulties and ADHD inattention symptoms is largely independent from genetic influences contributing to general cognitive ability. The current study aimed to extend the previous findings that were based on rating scale measures in a population sample by examining the generalisability of the findings to a clinical population, and by measuring reading difficulties both with a rating scale and with an objective task. This study investigated the familial relationships between ADHD, reading difficulties and IQ in a sample of individuals diagnosed with ADHD combined type, their siblings and control sibling pairs. Methods: Multivariate familial models were run on data from 1,789 individuals at ages 6-19. Reading difficulties were measured with both rating scale and an objective task. IQ was obtained using the Wechsler Intelligence Scales (WISC-III/WAIS-III). Results: Significant phenotypic (.2-.4) and familial (.3-.5) correlations were observed among ADHD, reading difficulties and IQ. Yet, 53%-72% of the overlapping familial influences between ADHD and reading difficulties were not shared with IQ. Conclusions: Our finding that familial influences shared with general cognitive ability, although present, do not account for the majority of the overlapping familial influences on ADHD and reading difficulties extends previous findings from a population-based study to a clinically ascertained sample with combined type ADHD.
Introduction
Attention deficit hyperactivity disorder (ADHD) and reading disability (RD) frequently co-occur: 25%-40% of individuals with one disorder also meet the diagnostic criteria for the other (August & Garfinkel, 1990; Semrud-Clikeman et al., 1992; . This is further evident in studies approaching ADHD symptoms (inattentiveness and hyperactivity-impulsivity) and reading ability/disability as continuous traits in population samples (Gilger, Pennington, & DeFries, 1992; Light, Pennington, Gilger, & DeFries, 1995; Martin, Levy, Pieka, & Hay, 2006; Paloyelis, Rijsdijk, Wood, Asherson, & Kuntsi, 2010; Stevenson et al., 2005; Willcutt, Pennington, & DeFries, 2000; Willcutt, Pennington, Olson, & DeFries, 2007) . Twin studies on general population samples and samples selected for RD consistently indicate a largely genetic aetiology for the phenotypic association between ADHD symptoms and reading ability/disability (Martin et al., 2006; Paloyelis et al., 2010; Willcutt et al., , 2007 .
Attention deficit hyperactivity disorder and RD are associated with IQ scores that are, on average, 7-16 points lower than comparison samples (Crosbie & Schachar, 2001; Kuntsi et al., 2004; Mariani & Barkley, 1997; Marzocchi et al., 2008; Rucklidge & Tannock, 2001 ; Tiffin-Richards, Hasselhorn, Woerner, Rothenberger, & Banaschewski, 2008; Wadsworth, DeFries, Olson, & Willcutt, 2007; Wadsworth, Olson, & Defries, 2000) . Correlations between continuous ADHD symptom scores and IQ range from ).20 to ).40 (Fergusson, Lynskey, & Horwood, 1993; Goodman, Simonoff, & Stevenson, 1995; Kuntsi et al., 2004; Rapport, Scanlan, & Denney, 1999; Wood, Asherson, van der Meere, & Kuntsi, 2009) . Similarly, correlations between reading ability and IQ range from .43 to .50 (Harlaar, Spinath, Dale, & Plomin, 2005; Haworth et al., 2009) and between reading difficulties and IQ from ).37 to ).40 (Cardon, Dialla, Plomin, DeFries, & Fulker, 1990; Paloyelis et al., 2010) . Correlations between reading difficulties and ADHD inattention symptoms range from .28 to .51, and between reading difficulties and hyperactivity-impulsivity symptoms from .19 to .26 (Martin et al., 2006; Paloyelis et al., 2010; Trzesniewski, Moffitt, Caspi, Taylor, & Maughan, 2006; Willcutt et al., 2007) . For both ADHD and RD, twin studies indicate that the association with IQ is largely due to shared genes (Haworth, Meaburn, Harlaar, & Plomin, 2007; Kuntsi et al., 2004; Plomin & Kovas, 2005; Polderman et al., 2006; Wood, Asherson, van der Meere, & Kuntsi, 2010; Wood, et al., 2011) . These findings raise the question of whether the covariation between ADHD and RD is due to specific factors contributing to these deficits, or to possible 'generalist' genes that are involved in both general cognitive processes and reading ability (Haworth et al., 2009) . Recent evidence from a population-based twin study suggests that the covariation between ADHD inattention symptoms and reading difficulties is largely independent of the aetiology underlying IQ (Paloyelis et al., 2010) . This finding is in line with previous twin analyses, where the genetic relationship between ADHD symptoms and reading difficulties did not change significantly after regressing out IQ (Light et al., 1995; . This study is a novel extension of the previous population-based twin analyses (Paloyelis et al., 2010) to a clinical sample of diagnosed cases selected for combined type ADHD (ADHD-CT; Wood, Asherson, et al., 2010; Wood, et al., 2011) , while incorporating both rating scale and objective task measures of reading. Our aim is to investigate the aetiological association between ADHD-CT, reading difficulties and IQ, and specifically the extent to which the familial influences shared between ADHD-CT and reading difficulties are also shared with those on IQ. The focus on familial influences, which refer to the combined effects of genes and shared environment, reflects the sibling design: the sample consists of ADHD-CT sibling pairs (ADHD-CT proband and closest-age sibling) and control sibling pairs. In contrast to the well-known twin method, quantitative genetic model-fitting analyses on sibling-pair samples have remained underutilised (but see Kuntsi et al., 2010; Wood, Asherson, Rijsdijk, & Kuntsi, 2009; Wood, et al., 2011 ); yet their power and potential lies in the use of clinically diagnosed probands, rarely available in twin populations in adequate numbers, enabling comparisons across clinically referred and population-based samples.
It is important to complement previous work on an unselected population twin sample with data from a clinical sample selected for ADHD-CT before we can generalise our previous findings to this clinical group. Our previous study used only parent ratings to assess reading difficulties, the present study therefore addressed this possible methodological limitation by taking into account data from both a parent report of reading difficulties and scores on an objective measure of reading ability.
Method
Sample ADHD probands and siblings. Participants were recruited from specialist clinics, through five Centres (Amsterdam and Nijmegen in The Netherlands, UK-London, UK-Southampton and Spain) participating in the International Multicentre ADHD Genetics (IM-AGE) project (see Chen et al., 2008 for details of ascertainment and diagnostic procedures). All participants were of European Caucasian decent, aged 6-19 years. All probands had a clinical diagnosis of DSM-IV ADHD-CT and had one or more full siblings available for ascertainment of clinical information. Siblings within the same age range as the ADHD probands were included in the study and were therefore unselected for ADHD status. Exclusion criteria applying to both probands and siblings included autism, epilepsy, IQ < 70, brain disorders and any genetic or medical disorder associated with externalising behaviour that might mimic ADHD. Of the 1,386 ADHD probands and their siblings who participated, 82 were excluded. Of these, 15 were excluded due to IQ < 70; sixteen had incomplete IQ data; 33 probands did not meet the ADHD DSM-IV criteria and a further 18 probands did not meet the ADHD-CT criteria. The final sample (Table 1 ) consisted of 1,304 individuals, which comprised 615 complete ADHD and sibling pairs and 74 singletons. Singletons are defined as those whose co-siblings had incomplete cognitive or reading data, or were excluded. Singletons were included in our analysis as they provide information on within-subject covariance and therefore increase statistical power. The receiver operating characteristic analysis (with 95% sensitivity and specificity) was used to determine the affection status of the siblings of ADHD probands. Those who had a combined parent-rated T-score > 137.5 on the Strength and Difficulties Questionnaire (Goodman, 1997; Goodman, Meltzer, & Bailey, 1998) and the Conners ADHD/ DSM-IV scale (Conners, 2003) were classified as 'affected'; those who scored between 118.5 and 137.5 were classified as 'subthreshold'; and the remaining who had a score lower than 118.5 were unaffected (Tables 1 and 2 ). Of the 714 individuals with ADHD-CT, there was an overlap of comorbid disorders as follows: 180 had conduct disorder, 441 had oppositional defiant disorder, and 143 had evidence of a mood disorder (excluding possible bipolar disorder), as derived using the Parental Account of Child Symptoms (PACS) parental interview (Taylor et al., 1986 (Taylor et al., , 1987 .
Control sample. The control group was recruited from primary (ages 6-11 years) and secondary (ages 12-19 years) schools in the United Kingdom and The Netherlands. The same exclusion criteria were applied as for the clinical sample. Nine controls were excluded for having both parent and teacher subscale T-scores on the Conners ADHD/DSM-IV Scale (Conners, 2003) > 63, to exclude potential undiagnosed ADHD cases. The final control sample consisted of 485 individuals, which comprised 211 sibling pairs and 63 singletons. Ethical approval was obtained from local ethical review boards and all participants and/or their parents gave written informed consent for participation in the study.
Measures
General cognitive ability. To estimate IQ, we used the vocabulary, similarities, picture completion and bloc design subtests from the Wechsler Intelligence Scales for Children, Third Edition (WISC-III; Wechsler, 1991) or, for participants older than 16 years, the Wechsler Adult Intelligence Scale, Third Edition (WAIS-III; Wechsler, 1997) . These subtests correlate between .90 and .95 with the full-scale IQ (Groth-Marnat, 1984) .
ADHD diagnosis. All cases were referred from clinics with a diagnosis of ADHD-CT. The PACS interview (Taylor et al., 1986 (Taylor et al., , 1987 was subsequently conducted with the parents to derive the 18 DSM-IV symptoms for ADHD index cases plus siblings who were thought, on the basis of parents' descriptions of behaviour or Conners' scores of 65 or greater, to have ADHD. The PACS interview is a semistructured and standardised clinical interview used to obtain an objective measure of child behaviour in a range of specified situations, including home and school. Situational pervasiveness was defined as some symptoms occurring within two or more different situations from the PACS as well as the presence of one or more symptoms scoring 2 or more from the DSM-IV ADHD subscale of the teacher-rated Conners subscale (Conners, Sitarenios, Parker, & Epstein, 1998). Impairment criteria were based on the severity of symptoms identified in the PACS.
Reading difficulties and fluency. Reading Difficulties Questionnaire (RDQ) is a subscale of the Colorado Learning Difficulties Questionnaire . This six-item parent rating scale is a part of an instrument screening for learning disorders. On a scale Willcutt et al., 2011) . RDQ has shown high correlations with other objective reading and spelling measures (average r = .64) but low correlations with measures of other learning difficulties (r = .07-.02), which attest to its good criterion and discriminant validity . Moreover, RDQ scores have demonstrated moderate to high heritability (h 2 = 53%-83%) and high genetic correlations (.71-.89) with a composite measure of reading performance (Astrom, DeFries, Pennington, Wadsworth, & Willcutt, 2009; Martin et al., 2006) .
Test of Word Reading Efficiency (TOWRE; Torgesen, Wagner, & Rashotte, 1999 ) is a standardised measure of fluency and accuracy in word reading skill. It includes two subtests: (a) Sight-Word Efficiency, a measure of accuracy and fluency in reading regular and irregular words, based on the ability to read aloud accurately a graded list of 104 real words in 45 s. The total raw score on this subtest ranges from 0 to 104. (b) Phonemic Decoding Efficiency, a measure of phonological awareness, based on the ability to read aloud accurately a graded list of 63 pronounceable printed nonwords. Each child is given 45 s to read as many words and nonwords as possible. The total raw score of this subtest ranges from 0 to 63. The raw score from each subtest is then standardised based on the age of the participants, and the final score is the sum of the standardised scores from both subtests. A lower overall score indicates greater difficulties with reading. Both subtests have demonstrated excellent test-retest reliability of above .90 (Torgesen et al., 1999 ) and a strong correlation (.63, p < .05) with teacher-reported school performance (Trzesniewski et al., 2006) . TOWRE composite scores were used in our analyses, obtained by standardising and summing the subtest scores. TOW-RE composite scores were also used in other studies due to the high correlation between the subtests (r = .82; Harlaar, Dale, & Plomin, 2007) ; r = .78 in the present study). The TOWRE was only administered in the UK-London subgroup. The subgroup with both RDQ and TOWRE data was older (p < .01) than the subgroup without TOWRE data. There were no differences in gender, IQ or RDQ between the two subgroups (further details are available from first author).
Analyses
Multivariate modelling on sibling data. We are interested in the extent to which the traits of ADHD, RDQ and IQ share aetiological influences. The power to ascertain this comes from sibling data, because we know the amount of additive genetic (A), shared environmental (C) and child-specific environmental (E) influences shared between members of a sibling pair. Twin modelling is a common application of such quantitative genetic methodology, where comparisons between monozygotic (MZ) and dizygotic (DZ) twin pairs uses known amount of A, C and E sharing between members of twin pairs to decompose the variance in traits into these influences as aetiological factors. Familial modelling, using sibling pairs, is an extension of this methodology. As sibling pairs all share 50% of their alleles, unlike MZ versus DZ pairs that share 100% versus 50% respectively, we can only combine A and C into familial (F) influences. Thus, under the assumption that siblings reared together share approximately 50% of their alleles, and 100% of their C influences, sibling correlations on a trait allow us to decompose the variance between traits into F and E influences, where E also subsumes possible measurement error. As with DZ twin data, the covariance between members of a sibling pair is considered to arise from A and C influences. Without twin data, it is impossible to know the exact A:C ratio, and A and C are subsumed together in the F parameter. If the covariance between members of a sibling pair is entirely due to A, the sibling covariance (like DZ covariance) will be exactly half the actual F. If, on the other hand, the covariance between members of a sibling pair is entirely due to C, the sibling covariance (like DZ covariance) will be exactly equal to F. Without a comparison group, the exact constituent of F is unknown. Therefore, F could be specified as equal to, or half, the sibling covariance (or somewhere in between). Under the assumption that ADHD is broadly genetic (80%; Burt, 2009; Faraone & Biederman, 2005) , we chose to specify F as half the sibling covariance. This conservative estimate prevents an over estimation of familiality; however, as it is a conservative estimate we here focus on shared F influences, which are not subject to such limitations.
Multivariate familial modelling on sibling data also uses sibling correlations on a trait (e.g. correlations between Sibling 1 and Sibling 2 for IQ), but also includes information on phenotypic correlations (e.g. correlations between IQ and reading difficulties), and cross-sibling-cross-trait correlations (e.g. correlations between the reading difficulties score of Sibling 1 and IQ score for Sibling 2). Using the same logic as above, we can decompose the covariance between traits into F and E influences.
The Cholesky (triangular) decomposition describes the extent to which traits share common F influences (Figure 1 ). To correct for the selected nature of the sample, the selection variable (ADHD) is included in all models. As this necessitates ordinal data analysis, 95% confidence intervals are not available. However, the significance of parameters in the main model (Figures 1  and 2 ) was tested by dropping each parameter in turn, and comparing the chi-square of the reduced model to that of the full model with a 1-df test of freedom at the p < .05 level. A significant result indicates that the dropped parameter is significant with an a level of .05 (Wood, et al., 2011) .
Familial structural equation models. The structural equation model program MX (Neale, Boker, Xie, & Maes, 2006 ) was used to conduct the genetic analyses and to estimate phenotypic correlations. To account for the selected nature of the sample, the selection variable (ADHD status) was included in all models with its prevalence and familiality parameters fixed (Rijsdijk et al., 2005) . The MX program cannot include both ordinal and continuous data in the same analysis, and, as the selection variable is ordinal, the age-and sexregressed residual scores of the cognitive variables were ordinalised into five equal size categories. Regression analyses were performed in STATA version 10 (Stata Corp., Houston, TX, USA). The cluster command was used to cluster by family, to account for the nonindependence of the sibling sample. Ordinal data analysis assumes the combination of ordered categories to reflect measurements of an underlying multivariate normal distribution of traits, with one or more thresholds per liability distribution to distinguish between the ordered categories (Rijsdijk et al., 2005) . The threshold for ADHD status was fixed to a z-value of 1.64 to give a population prevalence of 5%, and its parameters fixed to expected population estimates, with the familiality of ADHD fixed to 80% based on a sibling correlation of .40 (see Rijsdijk et al., 2005 for further explanation and validation of this approach).
Phenotypic correlation. Sibling correlations were estimated from a phenotypic correlation model, specified in a Gaussian decomposition to give maximum-likelihood phenotypic correlations between the measures and to allow for additional constraints. The first imposed constraint is fixing sibling correlation for ADHD status to .40 to correct for ascertainment bias, by means of a method developed and validated in an earlier stimulation study (Rijsdijk et al., 2005) . Additional constraints reflect the assumptions of the familial model: that phenotypic correlation across traits is the same across individuals and that cross-trait cross-sibling correlations are independent of sibling order.
Results
To account for group differences in IQ and reading performance across age, gender and centre group (Tables 1 and 2 ), IQ and reading data were regressed for these variables. Centre group differed significantly in age and IQ (p < .01) but not in gender or reading performances. The residual scores obtained from the regression were then used to derive the phenotypic, familial and child-specific environmental correlations, and the familial parameter estimates (Table 3 ). The correlation between RDQ and TOWRE reading measures was r = ).54 (p < .01).
Reading difficulties questionnaire
We calculated the sum of F influences underlying the covariance between ADHD and RDQ that are not shared with IQ (path f 2,2 · f 3,2 in Figure 1 ) as a percentage of the total F influences underlying the covariance (i.e. including those shared with IQ; f 2,1 · f 3,1 + f 2,2 · f 3,2 ). In total; 72% of the shared F between ADHD and RDQ was not shared with IQ.
We calculated the sum of E influences underlying the covariance between ADHD and RDQ that are not shared with IQ in the same manner. By summing F and E influences we obtain all the aetiological influences accounting for the covariance between phenotypes, which leads us to deduce that 78% of the phenotypic covariation between ADHD and reading difficulties was driven by aetiological influences that were not shared with IQ.
A separate analysis was conducted to assess the relationship between ADHD, RDQ and IQ in the London-only subgroup, which provided both RDQ and TOWRE data. In this subsample, shared familial influences accounted for 55% of the covariation E 1 E 2 E 3 0.77 Figure 1 Parameters F 1 -F 3 and parameters E 1 -E 3 are estimates from Cholesky models estimating the familial and child-specific environmental factors across IQ, attention deficit hyperactivity disorder (ADHD) and Reading Difficulties Questionnaire (RDQ), respectively. Significant paths (p < .05) are indicated as solid lines and nonsignificant paths (p ‡ .05) are indicated as dotted lines. Parameters F 1 -F 3 represent familial influences on and between the traits. f 1,1 represents the sum of the familial influences underlying IQ. f 2,1 represents the familial influences from IQ that are also shared with ADHD, whereas parameter f 2,2 represents those familial influences that underlie ADHD, and are not shared with IQ. The sum of familial influences underlying ADHD is therefore the sum of f 1,1 (those shared with IQ) and f 2,2 (those not shared with IQ). The same inferences apply to RDQ, such that f 3,1 represents familial influences underlying RDQ that are shared with IQ (and to some extent ADHD), f 3,2 represents familial influences shared between ADHD and RDQ only, and f 3,3 represents familial influences specific to RDQ only. The sum of these three paths represents the sum of all familial influences underlying RDQ. The same inferences can be made for the E parameters, which represent child-specific environmental influences (and subsume any measurement error) doi:10.1111/j. 1469-7610.2012.02527.x Aetiological overlap between ADHD, reading difficulties and IQ between ADHD and RDQ in total; 55% of the shared F was not shared with IQ.
Test of Word Reading Efficiency
The same analyses were used to assess the aetiological overlap between ADHD-CT and TOWRE scores that was independent of aetiology shared with IQ ( Figure 2) . We calculated the sum of F influences underlying the covariance between ADHD and TOWRE scores that are not shared with IQ (path f 2,2 · f 3,2 in Figure 2 ) as a percentage of the total F influences underlying the covariance (i.e. including those shared with IQ; f 2,1 · f 3,1 + f 2,2 · f 3,2 ). In total, 53% of the shared F between ADHD and TOWRE scores was not shared with IQ. We calculated the sum of E influences underlying the covariance between ADHD and TOWRE scores that are not shared with IQ in the same manner. By summing F and E influences we obtain all the aetiological influences accounting for the covariance between phenotypes, which leads us to deduce that 54% of the phenotypic covariation between ADHD and TOWRE scores was driven by aetiological influences that were not shared with IQ.
Discussion
Our findings from both rating scale and objective measures of reading indicate that over half (53%-72%) of the overlapping familial influences between ADHD and reading difficulties were not shared with IQ. This finding is consistent with recent evidence from a population-based twin study that focused on the association between parent ratings of reading difficulties and continuous ADHD symptom scores (Paloyelis et al., 2010) . This was the first study to examine the relationship between ADHD, reading difficulties and IQ in a sample selected for ADHD-CT. The generalisability of the findings from a population sample to a clinical sample with ADHD-CT is consistent with preexisting evidence suggesting that both ADHD and RD represent the extreme and impairing tail of continuously distributed traits of ADHD symptoms and reading ability scores (Chen et al., 2008; Harlaar et al., 2005; Levy, Hay, McStephen, Wood, & Waldman, 1997; Shaywitz, Escobar, Shaywitz, Fletcher, & Makuch, 1992) . Overall, our results suggest that there are both unique processes that contribute to the co-occurrence between ADHD and reading difficulties and common processes that are shared with general cognitive abilities.
Between 48% and 62% of the phenotypic overlap between ADHD and reading difficulties, measured by the RDQ and the TOWRE, respectively, was due to shared familial influences. This is consistent with previous twin studies of both ADHD and RD that showed the comorbidity between these two disorders is in part (50%-75%) due to common genetic influences (Gilger et al., 1992; Light et al., 1995; Paloyelis et al., 2010; Stevenson, Pennington, Gilger, DeFries, & Gillis, 1993) . Findings from this study supported the common genetic aetiology hypothesis for the co-occurrence between ADHD and reading difficulties. Alternative explanations such as sampling artefacts (Berkson, 1946) , assortative mating for ADHD and RD (Faraone et al., 1993) , or a causal relation between ADHD and RD (Pennington, Grossier, & Welsh, 1993) would also be consistent with the shared genes account. Although these alternative hypotheses were not tested in the present study due to insufficient power with ordinal data analysis, previous studies in ADHD and RD have shown that the association between ADHD and RD was not due to sampling or measurement artefacts as the findings were replicated in population-based samples using both objective and subjective (Martin et al., 2006; Paloyelis et al., 2010) measures of reading. Moreover, assortative mating has not been consistently observed (Doyle, Faraone, DuPre & Biederman, 2001 ) and significant bivariate heritability between ADHD and RD from twin studies provided evidence against the assortative mating hypothesis (Gilger et al., 1992; Light et al., 1995; Paloyelis et al., 2010; Stevenson et al., 1993; Willcutt et al., , 2007 , given that assortative mating decreases the estimates of shared genetic influences . The phenocopy hypothesis argues that the co-occurrence between ADHD and RD is a result of the primary disorder causing manifestation of deficits associated with the secondary disorder, in the absence of aetiological influences associated with the secondary disorder. This hypothesis was not supported for ADHD and RD by neuropsychological studies, in which individuals with comorbid ADHD and RD exhibited cognitive deficits that are associated with both ADHD and RD . The present study was the first using a selected sample with ADHD to show shared familial association between ADHD and reading difficulties, and further provided evidence against the phenocopy hypothesis. There is growing evidence including the present study, supporting the existence of common sets of genes which explain the comorbidity between ADHD and reading difficulties (Gilger et al., 1992; Light et al., 1995; Paloyelis et al., 2010; Stevenson et al., 1993; Willcutt et al., , 2007 . This has potential implications for future clinical intervention to identify treatments that target both ADHD symptoms and reading difficulties, although the presence of shared aetiological influences could be explained by pleiotropic effects (the multiple phenotypic effects of genes) impacting on multiple neurobiological processes, which could be targeted independently of each other. Further work is needed to identify the neurobiological processes that mediate these familial effects on ADHD and RD.
The two reading measures we used were highly correlated with one another and yielded similar phenotypic correlations with ADHD. Furthermore, the results obtained with either the RDQ or the TOWRE measures in the London subgroup were comparable, indicating that around 53%-72% of familial influences shared between ADHD and reading ability/disability were independent of IQ. It should be noted, however, that the RDQ is a general measure of a child's overall reading difficulties, whereas the TOWRE measures specific processes in reading such as reading fluency, word recognition and phonemic awareness. Measures that tap specific aspects of the reading process will be required in future research to fully disentangle the aetiological basis for the covariation between ADHD and reading difficulties.
Whereas a sibling design is a powerful tool for studying shared familial effects in samples with clinically ascertained probands, a limitation is that genetic effects cannot be separated from shared environmental effects. However, previous studies indicate a limited contribution for shared environmental factors in ADHD (Burt, 2009) , suggesting that the familial influences that underlie ADHD and reading difficulties in this study reflect mainly genetic effects. Another limitation in the present study is that, due to computational intensity of ordinal data, confidence intervals could not be obtained. However, we did test the significance of each at an alpha level of .05.
Overall, in a sibling-pair sample selected for ADHD combined subtype and controls, a large proportion (53%-72%) of the overlapping familial influences on ADHD and reading difficulties are not shared with IQ. The generalisability of the current findings to other populations needs to be examined in future research. Recent studies have explored the relationship between ADHD and reading difficulties beyond a behavioural level, by using cognitive endophenotypes to further understand the genetic aetiology and architecture on a neurocognitive level (McGrath et al., 2011; Willcutt et al., 2010) . The results from these multivariate twin studies selected for RD suggest that the comorbidity between ADHD and RD is driven by common genetic influences also shared with slow processing speed. Future studies should replicate these findings in the general population and explore other cognitive endophenotypes associated with ADHD such as reaction time and reaction time variability. Neurocognitive measures that are associated and share common genetic influences with ADHD and RD maybe be useful for a more in depth understanding of the comorbidity between the two disorders on a molecular level.
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